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Purpose : Intermittent parathyroid hormone (PTH) therapy
has been approved for the clinical treatment of osteoporosis.
It also promotes the healing of tooth extraction socket. Al-
veolar bone mass is maintained under the mechanical load-
ing due to mastication or occlusion. However, there are few
reports about the interaction of intermittent PTH administra-
tion and mechanical loading on alveolar bone. This study
aimed to determine the effects of intermittent administration
of PTH on alveolar bone and with or without mechanical
loading.
Materials and methods : The left maxillary first molars
were extracted in 36 male SD rats (6 weeks old), and PTH
was administered subcutaneously at every 2 days for 4,7
and 28 days as PTH injection group (iPTH). Saline was
used as control group (CONT). The inter−radicular septum
of mandibular right first molar group (nonEXT) and that of
left first molar group (EXT) were examined as immunohis-
tochemically and histomorphometrically.
Results and discussion : The distribution and intensity of
cathepsin K (CathK) and CD68 immunoreactivity seems
similar in iPTH and were significantly greater than those of
CONT at day 4. Tissue non−specific alkaline phosphatase
(TNALP)−positive cells are prominent in iPTH and the cel-
lular layer of TNALP positive cells is significantly thicker
than CONT at day 7. However, there were no significant
differences of CathK and CD68 positive cell number be-
tween any groups. The alveolar bone area in iPTH was sig-
nificantly larger than CONT. In iPTH the alveolar bone in
nonEXT seems thicker than EXT at day 28.
Conclusion : Intermittent PTH administration stimulates
differentiation and activation of osteoblast in alveolar bone.
Mechanical loading caused by mastication or occlusion
might affect the effect of intermittent PTH administration.
??????????? ?????????????? ??
????
????????????????????????????????????????????????????????????????????????????????????????????
?????????????????????????
???????????????????????
?Luiz de Freitas PH et al., 2009 ; Crane & Cao, 2014 ; Lu
et al., 2014????????????????????
?????????????????????????
???????????PTH?????????N??
??????????????????????????
?????????????????????????
???????????????????????????
?????????????????????????
??????????????????Bone−lining
cell??????????????????????
?Luiz de Freitas PH et al., 2009????????????
?????????????????????????
??????????Balani et al., 2017??PTH????
?????????????????????????
?????????Kuroshima et al., 2013??
????????????????????????
????????????????Enokida et al. ,
2005???????????????????????
?????????????????????????
????????????Nomura & Takano−Yamamoto,
2000???????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
??????Levy & Mailland, 1980 ; Enokida et al. ,
2005 ; Shimomoto et al., 2007?????????PTH??
?????????????????????????
?????????????????????????
??PTH?????????????????????
?????????????????????????
?????????????????????????
????????TNALP??Osterix????????
????????????????K?CathK??CD??
??????????????????????
???????
? ????
????????????????????????
??????????????????????????
??????????SD????Jcl?SD??????
?????????????????????????
?????????????????????????
?????????????????mg/kg??????
??????????????mg/kg???????
??????????????Meiji Seika ?????
?? mg/kg????????????????????
?????????????????PTH??????
????????????????????PTH???
?iPTH??????μg/kg??????????????
?????????CONT?????????????
??????????????????????????
??????????????????????M??
?????pH???????????iPTH?CONT??
???????????????????????????
???iPTH?CONT????????????????
??????????EDTA?pH???????????
?????????????????????????
????????????????μm???????
??????????????????????
?EXT???????????????????????
?nonEXT?????
? ?????????????????
????????????????????????
????????????????????????μm
?????????????????????????
???????????????????????H−
E????????????????????????
???????????M?????????BSA −
PBS????????????????????????
?????TNALP?????????????????
????????????Osterix???ab??????Ab-
cam????????????????CathK???ab
??????Abcam??????????????????
?CD?????MCA???R?Bio−Rad?????????
????????????????????? ab
??????Abcam???????????ab?????Abcam?
???????????????PBS?????????
??????DAB???????????????????
???????????????????No?????
??????????????????
? ????????
????????????????????????
????ImageJ ver????NIH???????????
????????????????????????
mm???????????????????????
????????CathK?CD?????Osterix?????
?TNALP???????????????????
??????????Kruskal−Wallis????????
?? ?? ?? ??????????????????????????????????
????
????????????????????????????????????????????????????????????????????????????????????????????
?????????????????????????
?????????IBM SPSS Statistics ver???IBM??
?????
? ?
?????H−E?????????????????
?????????????????????????
???????????A−D?????TNALP????
?????????????????????????
??????????????????????E−H,
M??CathK????????????????????
?????????????????I−L?????
CathK?CD?????????iPTH?CONT??????
????????N, O??
?????iPTH??TNALP??????????
?????????????????????A−D,
M?????Osterix????????????????
????????????????Osterix??????
iPTH?CONT?????????????E−H, N??
TNALP?Osterix??????CONT????nonEXT?
EXT???????????????iPTH???non-
EXT?EXT?????TNALP?????????Osterix
?????????????????M, N?????
CathK??????????????????????
????????????????????I−L, O??
??????H−E????iPTH?CONT???????
??????????A−D, M????? iPTH???
??nonEXT?EXT????????????????
??????????????????M??iPTH?
???????????TNALP?????????
??CONT????TNALP?????????????
??????E−H, N?????iPTH??nonEXT?EXT
??????????????TNALP???????
??????????M, N??CathK????????
?????????????????????????
??????I−L, O??
? ?
? PTH????????????
????????????????????????
??????????PTH?????????????
??????????Andreassen et al., 1980 ; Reeve et
al., 1980?????????????????????
????????????PTH???????????
??????????????iPTH??CONT?????
?????????????????????????
???PTH????????????????????
????????Yamamoto et al., 2016???????
PTH???????????????????????
?????????????????????????
?????Vasconcelos et al., 2014 ; Takebe et al., 2014?
?????????????????????????
????????????iPTH?CathK??????
CONT????????????????PTH????
?????PTH?????????RANKL?????
?????????????????????????
?TNALP?????????Osterix????????
???????iPTH?CONT???????????
????????PTH???????????????
????????????PTH???????????
???????? iPTH????TNALP??????
CONT????????????????PTH????
?????????????????????????
?????????????????Osterix?????
?????????????????TNALP??????
?????CONT?????iPTH??????????
?????????????PTH?????????
ALP?Osterix??????????Lu????????
???Lu et al., 2014????????????????
iPTH?CONT??????CathK??????????
?????????????PTH??????????
?????????????????????????
???????????????CD??????????
???????CathK?????????iPTH?CONT
???????????????????????PTH
?????????????????????????
?????????????????????????
?????????????????????????
??
? ??????????PTH???????????
???????????
???????????????????????
?????????????????????????
???????????????????Nomura &
Takano−Yamamoto, 2000??????????????
?????????????????????????
?????????????????????????
?????????????????????????
???????????????Enokida et al., 2005??
?????????????????????????
??The Dental Journal of Health Sciences University of Hokkaido 37 2018
????
????????????????????????????????????????????????????????????????????????????????????????????
?? ??????????????????
H−E???A−D???????????????????????????????????????
?????TNALP????????E−H???????????????????????????
????????????????M??
CathK????????I−L????????????????????????????????
iPTH?K, L??CONT?I, J???????????????????????????????CathK
????CD?????????iPTH?CONT????????????N, O??AB?????bar???
μm?*P?????
?? Hiroaki TAKEBE et al.?The effects of intermittent parathyroid hormone administration and mechanical stress on alveolar bone
????
????????????????????????????????????????????????????????????????????????????????????????????
?? ??????????????????
TNALP????????A−D????????????????????iPTH?C, D??CONT?A,
B?????????????????????????M??iPTH?CONT???????EXT?B,
D??nonEXT?A, C????????????????M??Osterix????????E−H??????
?????????????????iPTH?G, H??CONT?E, F?????????????????
??????N??iPTH?EXT?H??nonEXT?G????????????????N??CathK????
????I−L?????????????????????????????????????????
????????O??AB?????bar???μm?*P?????
????????????? ?? ?????
????
????????????????????????????????????????????????????????????????????????????????????????????
?? ???????????????????
H−E???A−D????PTH????C, D??PTH?????A, B???????????????
?M??TNALP????????E−H????????????????????????PTH????G,
H??PTH?????E, F?????????????????????????N??iPTH?EXT?H??
nonEXT?G????????????????N??CathK????????I−L???????????
???????????????????????????????????O??AB?????bar???
μm?*P?????
?? ?? ?? ??????????????????????????????????
????
????????????????????????????????????????????????????????????????????????????????????????????
?????????????????????????
?????????????????????????
?????????????????????Winkler
et al., 2003 ; Robling et al., 2008 ; Velasco et al., 2015???
????????????????????????
iPTH?CONT????EXT?nonEXT????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
??????????????????TNALP?Osterix
???????????????CONT?EXT?nonEXT
????TNALP?????????????????
????????????iPTH??nonEXT?EXT??
??????????????? iPTH??????
??????Osterix??????????????????
???nonEXT?EXT???????????????
?????????iPTH????????????non-
EXT?EXT????????????????????
?????????????PTH??????????
???????????????????????PTH
?????????????????????????
????????ALP??????????????
?Tanaka et al., 2004 ; Warden et al., 2009???????
??????????PTH?????????????
?????????????????????????
?????????
? ?
PTH??????????????????????
?????????????????????????
????????????????????PTH???
?????????????????????????
?????
? ?
????????????????????????
????????????????????????
?????????????????????????
????????????????????????
?????????????????????????
?????????????????????????
??
????????????????????????
????????????????????????
??
? ?
Andreassen TT, Ejersted C & Oxlund H. Intermittent para-
thyroid hormone (1−34) treatment increase callus forma-
tion and mechanical strength of healing rat fractures. J
Bone Miner Res 14 : 960−968, 1999.
Balani DH, Ono N & Kronenberg HM. Parathyroid hor-
mone regulates fates of murine osteoblast precursors in
vivo. J Clin Invest 127 : 3327−3338, 2017.
Crane JL & Cao X. Bone marrow mesenchymal stem cells
and TGF−β signaling in bone remodeling. J Clin Invest
124 : 466−472, 2014.
Enokida M, Kaneko S, Yanagishita M & Soma K. Influ-
ence of occlusal stimuli on the remodelling of alveolar
bone in a rat hypofunction−recovery model. J Oral Biosci
47 : 321−334, 2005.
Jilka RL. Molecular and cellular mechanisms of the ana-
bolic effect of intermittent PTH. Bone 40 : 1434−1446,
2007.
????????????????????????
? ???????????????
Kuroshima S, Kovacic BL, Kozloff KM, McCauley LK &
Yamashita J. Intra − oral PTH administration promotes
tooth extraction socket healing. J Dent Res 92 : 553−559,
2013.
Levy GG & Mailland ML. Histologic study of the effects
of occlusal hypofunction following antagonist tooth ex-
traction in the rat. J Periodontol 51 : 393−399, 1980.
Lu R, Wang Q, Han Y, Li J, Yang XJ & Miao D. Parathy-
roid hormone administration improves bone marrow mi-
croenvironment and partially rescues haematopoietic de-
fects in Bmi1−null mice. PLoS One 9 : e93864, 2014.
Luiz de Freitas PH, Li M, Ninomiya T, Nakamura M,
Ubaidus S, Oda K, Udagawa N, Maeda T, Takagi R &
Amizuka N. Intermittent PTH administration stimulates
pre−osteoblastic proliferation without leading to enhanced
bone formation in osteoclast−less c−fos−/− mice. J Bone
Miner Res 24 : 1586−1597, 2009.
Ma YL, Cain RL, Halladay DL, Yang X, Zeng Q, Miles
RR, Chandrasekhar S, Martin TJ & Onyia JE. Catabolic
effects of continuous human PTH (1−38) in vivo is asso-
ciated with sustained stimulation of RANKL and inhibi-
tion of osteoprotegerin and gene−associated bone forma-
tion. Endocrinology 142 : 4047−4054, 2001.
??The Dental Journal of Health Sciences University of Hokkaido 37 2018
????
????????????????????????????????????????????????????????????????????????????????????????????





























Nomura S & Takano − Yamamoto T. Molecular events
caused by mechanical stress in bone. Matrix Biology 19 :
91−96, 2000.
Reeve J, Meunier PJ, Parsons JA, Bernat M, Bijvoet OLM,
Courpron P, Edouard C, Klenerman L, Neer RM, Renier
JC, Slovik D, Vismans FJFE & Potts JT Jr. Anabolic ef-
fect of human parathyroid hormone fragment on trabecu-
lar bone in involutional osteoporosis : a multicentre trial.
BMJ 7 : 1340−1344,1980.
Robling AG, Niziolek PJ, Baldridge LA, Condon KW, Al-
len MR, Alam I, Mantila SM, Gluhak−Heinrich J, Bellido
TM, Harris SE & Turner CH. Mechanical stimulation of
bone in vivo reduces osteocyte expression of sost / scle-
rostin. J Biol Chem 283 : 5866−5875, 2008.
Shimomoto Y, Chung CJ, Iwasaki−Hayashi Y, Muramoto
T & Soma K. Effects of occlusal stimuli on alveolar/jaw
bone formation. J Dent Res 86 : 47−51, 2007.
Takebe H, Nakanishi Y, Hirose Y & Ochi M. Effect of
low intensity pulsed ultrasound stimulation on sinus aug-
mentation in rabbits. Clin Oral Implants Res 25 : 735−
741, 2014.
Tanaka S, Sakai A, Tanaka M, Otomo H, Okimoto N,
Sakata T & Nakamura T. Skeletal unloading alleviates the
anabolic action of intermittent PTH (1−34) in mouse tibia
in association with inhibition of PTH−induced increase in
c−fos mRNA in bone marrow cells. J Bone Miner Res
19 : 1813−1820, 2004.
Vasconcelos DFP, Marques MR, Benatti BB, Barros SP,
Nociti FH Jr & Novaes PD. Intermittent parathyroid hor-
mone administration improves periodontal healing in rats.
J Periodontol 85 : 721−728, 2014.
Velasco MA, Narváez−Tovar CA & Garzón−Alvarado DA.
Design, materials, and mechanobiology of biodegradable
scaffolds for bone tissue engineering. Biomed Res Int art
no 729076, 2015.
Warden SJ, Komatsu DE, Rydberg J, Bond JL & Hassett
SM. Recombinant human parathyroid hormone (PTH 1−
34) and low−intensity pulsed ultrasound have contrasting
additive effects during fracture healing. Bone 44 : 485−
494, 2009.
Winkler DG, Sutherland MK, Geoghegan JC, Yu C, Hayes
T, Skonier JE, Shpektor D, Jonas M, Kovacevich BR,
Steahling − Hampton K, Appleby M, Brunkow ME &
Latham JA. Osteocyte control of bone formation via scle-
rostin, a novel BMP antagonist. EMBO J 22 : 6267−6276,
2003.
Yamamoto T, Hasegawa T, Sasaki M, Hongo H, Tsuboi K,
Shimizu T, Ota M, Haraguchi M, Takahata M, Oda K,
Luiz de Freitas PH, Takakura A, Takao − Kawabata R,
Isogai Y & Amizuka N. Frequency of teriparatide admini-
stration affects the histological pattern of bone formation
in young adult male mice. Endocrinology 157 : 2604 −
2620, 2016.
?? ??
??????????????????????????
??????? ????????????
??????? ???????????????????????????
??????? ?????????????????????
??????? ????????????????????????????????
????????????????
??????? ?????????????????????
??????
?? Hiroaki TAKEBE et al.?The effects of intermittent parathyroid hormone administration and mechanical stress on alveolar bone
????
????????????????????????????????????????????????????????????????????????????????????????????
